Abstract: To explore the potential of cattle to produce both milk and beef, the genetic aspects of beef production among Holstein-Friesian bulls pedigree selected for milk were studied. The data included growth records of 504 bulls (DPT) by 120 sires (SPT) pedigree selected for progeny testing by American Breeders Service, 1964 to 1971. DPT bulls with proofs had an average predicted difference for milk (PMD) of +180 kilograms. The daughter average was 7,273 kg per lactation under varying herd conditions. Sires accounted for 10% of the variation in average daily gain (ADG), 10% in daily gain per 100 kg body weight (DG/100) and 16% in body weight, indicating substantial genetic variability in beef traits. Sire variance components for beef traits varied with age. There were wide ranges in estimated breeding value (EBV) and estimated transmitting ability (ETA) for beef traits among DPT and SPT bulls, respectively. Ranking EBV among DPT bulls and ETA among SPT bulls for beef traits and selecting the top 10% and 20%, respectively, showed high selection differentials, empirically reflecting the potential for genetic improvement from selection. 
T
O explore the potential of cattle to produce both milk and beef, the genetic aspects of beef production among Holstein-Friesian bulls pedigree selected for milk were studied. The data included growth records of 504 bulls (DPT) by 120 sires (SPT) pedigree selected for progeny testing by American Breeders Service, 1964 Service, to 1971 . DPT bulls with proofs had an average predicted difference for milk (PMD) of 4180 kilograms. The daughter average was 7,273 kg per lactation under varying herd conditions.
Sires accounted for 10% of the variation in average daily gain (ADG), 10% in daily gain per 100 kg body weight (DG/100) and 16% in body weight, indicating substantial genetic variability in beef traits. Sire variance components for beef traits varied with age. There were wide ranges in estimated breeding value (EBV) and estimated transmitting ability (ETA) for beef traits among DPT and SPT bulls, respectively.
Ranking EBV among DPT bulls and ETA among SPT bulls for beef traits and selecting the top 10% and 20%, respectively, showed high selection differentials, empirically reflecting the potential for genetic improvement from selection.
Average genetic correlations of milk production with beef traits ranged from 0.02 to 0.28 for body weight, from 0.02 to 0.26 for ADG, and from 0.01 to 0.20 for DG/100. Genetic correlations between milk and beef traits were low but positive, indicating emphasis could be shifted to either milk or beef without adverse effect on the other.
Holstein-Friesians pedigree selected for milk
Introduction
Cattle have been a major source of milk and meat for man; however, with increasing human population the existing separate specialized systems of production for milk and beef may not continue feasible in the future. Rising land values, limited land areas available for food production and other accompanying economic forces will likely compel cattle producers to adopt a more efficient system of production than currently employed.
Genetic progress in cattle is slow and with the increasing urgency of the world's need for high quality protein, cattle breeders should intensify their efforts to develop a highly efficient milk-beef herd for the future. The feasibility of this approach will depend on the genetic merits for beef among animals high in milk production. The purpose of this study was to assess the genetic variability for beef production as well as the genetic relationship between beef and milk traits among HolsteinFriesian bulls pedigree selected for milk production.
Materials and Methods
The data included 8,412 body weights for 504 Holstein-Friesian bulls (DPT) by 120 sires (SPT) that were selected for progeny testing by American Breeders Service (ABS) from 1964 to 1971. The feeding and management procedures were presented by Calo et al. (1973a) .
To estimate sire effects on beef traits, the 676 JOURNAL OF ANIMAL SCIENCE, vol. 37, no. 3. 1973 growth records for the DPT bulls were sorted into 120 sire groups and 19 contemporary groups. A contemporary group consisted of animals bought to the ABS center within a 3-month period. Maternal effects on growth were treated as random, since the calves were removed from the dam 3 days after birth, and so were other environmental effects prior to the bulls entering the center. The model employed to describe the analysis was:
Yijk ---W2V St-~-CGj -~ eijk, where Yuk--the measure of the kth progeny of the ith sire in the jth group, t~--the overall population mean, S,:the effect of the ith sire, COj:the effect of the jth contemporary group, and euk--the random effects associated with the kth progeny of the subclasses (ij), where etjk, Sl and CGj are assumed to be independently distributed random variables with mean zero and variances o~, a2, and ~'-cG, respectively.
Components of variance due to sire, contemporary groups and error for beef traits were estimated by Method I described by Henderson (1953) . Sums of squares for the analysis of variance were computed, then equated to their expectations and solved for the components of variance. Each variance component was also expressed as percentage of the total.
Beef traits studied were body weight at ages 9, 12, 15, 18, 24, 30, 36 and 60 months; average daily gain (ADG) and daily gain per 100 kg body weight (DG/100) at age ranges 6 to 9, 9 to 12, 12 to 15, 15 to 18, 18 to 24 and 24 to 30 months.
Two groups were evaluated for beef production, DPT bulls based on their own performance and SPT bulls based on the performance of their sons (DPT bulls). Values for DPT bulls were expressed as deviations from contemporary group means. These were weighted by heritabilities of the traits to obtain estimated breeding values (EBV). The average progeny deviation from their contemporary group mean for each SPT bull was ph 2 weighted by the factor 4+(P--1)h 2 to estimate the transmitting ability (ETA) of the SPT bulls for beef traits, where P was the number of progeny of the sire considered and h 2 was the heritability estimate. Heritability values used were 0.50 for growth rate and 0.55 for body weight. The DPT and SPT bulls were ranked according to both their EBV and ETA for beef production.
Predicted differences for miIk yield obtained from the USDA-DHIA Sire Summary Lists of 1965 through 1971 were used for determining the genetic relationship between milk and beef traits as follows: 197 DPT bulls with first proof, 161 DPT with latest proof, and 111 SPT bulls with latest proof. The milk proofs for DPT bulls were correlated with their respective EBV for beef traits at different age levels. Likewise, the milk proof for each EPT bull was correlated with his respective ETA for beef traits.
Since the simple correlation (rMa) between EBV for milk and EBV for beef or between ETA for milk and ETA for beef does not reflect fully the genetic relationship between the two traits, adjustments were made to approximate the genetic correlations. The steps involved in the adjustment procedure were as follows: "--4bu ~/h2B rGMB
The genetic correlations for milk and beef traits were finally estimated using the formula:
where:
rGMB---the genetic correlation between milk production and beef traits. b~t-~the weighting factor for estimating EBV for milk production (avg of repeatability values for milk production of each sire from USD,A-DHIA Sire Summary List). h2s~the heritability for beef trait used as the weighting factor for estimating EBV for beef. The correlations between ETA values for milk production and ETA values for beef were used to estimate genetic relationship for the traits among sires of DPT bulls. Essentially the same procedure was followed for EBV except that the weighting factor for estimating ETA for beef production was 4.+.(~-i-1)h 2 and the estimate for genetic correlation was:
Ph 2 ~/4+(P--1)h 2 CALO ET AL. was further demonstrated when the EBV of bulls and the ETA of SPT bulls for beef were estimated. The range of EBV's for body weight at 15 months (--90 to 178 kg) and ETA's for body weight at 15 months (--26 to 47 kg), as well as the ranges for ADG and DG/100 kg body weight, indicate ample variation for improvement through selection. Expected Response to Selection. The DPT bulls were ranked according to their EBV for beef traits and the top 10% selected. The means and standard deviations for each beef trait of the selected group and the DPT bull population are in tables 3 and 4. The mean difference in EBV for body weight between the two groupings represents the genetic superiority of the selected group, one-half of which empirically reflects the expected genetic improvement through selection. For example, at 15 months, the estimated genetic superiority of the top 10% was 40.6 kg (table 3) , thus, on the average, progeny of these bulls would be expected to exceed contemporaries by 20.3 kilograms. This could be a substantial factor for herds interested in beef production, especially when AI is employed. The difference in EBV's for ADG ranged from 0.20 to 0.25 kg per day between 6 and 30 months (table 4), implying that progeny of the selected bulls would be gaining 0.10 to 0.12 kg more per day than contemporaries up to 30 months of age. For DG/100, the progeny of the top 10% group would exceed the progeny of average bulls by 0.02 to 0.06 kg/day.
To further illustrate the likelihood of improvement of beef traits through selection with bulls that had high genetic value for milk, the top 20% of the SPT bulls were identified. The difference ( average bulls and the top 20% reflects the possible variation among SPT bulls. Based on the performance of their progeny at 15 months of age, the progeny of the selected group would be expected to average 11.5 kg above their contemporaries at 15 months. While this study indicates substantial response could be expected in selection for beef traits, the feasibility of incorporating selection for beef production into the existing dairy herd improvement program would depend on the nature of genetic relationships between milk and beef traits among Holstein-Friesians. The economic values for meat and milk will be of major concern to dairymen (Calo et al., 1973b) .
Genetic Relationships Between Milk and Bee] Production Traits. The estimated genetic correlations between milk and beef traits are in tables 6, 7 and 8. The average genetic correlations between milk production and body weights at various ages were low but all positive, ranging from 0.02 to 0.28 (table 6) . Soller, Bar-Anan and Pasternack (1966) also found a low genetic correlation between milk production and 12-month live weight in Israeli Friesians. In the present study, the correlations were somewhat higher from 9 to 24 months than at 36 and 60 months, indicating body weight in early stages of development is more related to milk production than at 30 months and later. The magnitude of the correlations from 9 to 24 months (table 6) suggests that selection for milk alone would tend to increase body weight.
The average genetic correlations between milk production and average daily gain were also positive, but lower and more variable than for body weight from 6 to 30 months of age (table 7) . However, they are within the range given by others, such as between sire progeny test for milk with progeny net gain to slaughter at 10 months of age for 25 German Friesian bulls (Langlet, 1965), 0.22;  between contemporary comparison proofs for milk yields of daughters and rate of gain to one year of age of sons of 15 Israeli Friesian sires (Bar-Anan et al., 1965) , 0.06; between milk and meat performance of half sibs in German Fleckvieh cattle (Bogner, 1962) , a DPT bulls first milk production proof correlated with own EBV for body weight. b DPT bulls latest milk production proof correlated with own EBV for body weight. e SPT bulls latest milk production proof correlated with corresponding progeny test for body weight for age. 0.13; and between progeny tests of daughters for milk and progeny tests of sons for daily gain (Tyler, 1969) , 0~05 to 0.27. SamsonHimmelstjerna (1965) found a genetic correlation of zero between milk yield and growth of half sibs. The average genetic correlations between milk production and daily gain per 100 kg body weight were also variable, nevertheless most were positive (table 8) .
Results indicate that genetic relationships between milk production and beef traits, expressed as body weight for age, ADG and DG/100 kg body weight are essentially positive. The low but positive genetic correlations between beef traits and milk yield indicate that selection for either milk or beef production would automatically bring about some improvement in the other trait. There is no certainty, however, that these relationships are high enough to obviate the need for selection for the other trait when one is under selection. What is important is that it gives some assurance there is no distinct antagonism between milk production and beef traits in the Holstein-Friesian. Thus, independent selection for milk would not likely have detrimental effects on beef traits and vice versa. This means that shifts could be made in selection emphasis to take advantage of economic conditions without serious reduction in the other product.
The results show that Holstein-Friesian bulls pedigree selected for superiority in milk production have the capacity not only to produce beef but also a potential for improvement in beef production as indicated by their genetic variability for beef traits. The positive genetic relationships between milk production and beef traits favor combined production of milk and beef. These advantages of the HolsteinFriesian breed should certainly be .considered in countries where both milk and meat are in short supply. It appears that at least some emphasis in selection for beef could be incorporated into the existing DHI program to improve total protein production. The relative genetic progress from simultaneous selection for milk and beef traits with the difference in degrees of emphasis, along with estimated changes in total protein production and economic values, are discussed by Calo et al. (1973b) . a DPT bulls first milk production proof correlated with own EBV for DG/100. b DPT bulls latest milk production proof correlated with own EBV for DG/100. e SPT bulls latest milk production proof correlated with corresponding progeny test for DG/100.
